It is difficult to deduce sliding properties from the numerical modelling of ordinary glaciers because the flow law of ice is still not known well enough to clearly differentiate sliding from internal deformation of the ice. For glaciers undergoing high-speed surges it appears that the majority of the total speed is due to sliding. Furthermore the average basal shear stress of the ice mass is lowered during the surge. This suggests that surging glaciers can be modelled by incorporating a sliding friction law which has the effective friction coefficient decreasing for high velocities. A relation of this type has been found for ice sliding on granite at -0. 5°C by Barnes and others (1971 ) and has also been obtained for rough slabs with ice at the pressure-melting point by Budd and others ( 1979) .
one a flow-law parameter Cry ) and the other a sliding parameter (rP). The model is run over a wide range of these two parameters to see if a good match can be made to the real ice masses and if so what the values of the parameters "Y/ and rP are for best fit.
The matching of the three above ice masses gave very similar values for each of the two parameters "Y/ and rP, the value of T) being within the range of values expected for the flow properties of temperate ice as determined by laboratory experiments. Using the same values ofT) and <P it is found that the ordinary glaciers modelled so far do not develop surging but that they could do if the value of <p were increased or if the mass-balance input were sufficiently increased. . For Lednik Medvezhiy a detailed analysis of the friction coefficient with velocity was carried out and it was found that the values required for best fit showed a very close agreement to the sliding friction curve of Barnes and others (1971 ) at -o'5°C. It is concluded that this type of sliding relation can account for the major features of glacier surge phenomena.
Finally it is apparent that the numerical modelling technique can be used very effectively to test any large-scale bulk sliding relation by the analysis of real surges of ice masses and in addition can provide further insight into the sliding relation in association with other stresses in the ice mass.
DISCUSSION
B. HALLET; What do you think about the possibility of calcium and magnesium carbonates precipitating in basal ice around particles in the ice, thereby providing a sink for their divalent ions and causing relative enrichment of sodium and potassium in the water that is finally incorporated in the regelation ice? R . A . SOUCHEZ; Precipitation of carbonates is precluded for the following reasons; (a) there is no lime coating on particles or on the gneissic bedrock; (b) if carbonate precipitation occurs at depth within the ice around particles, the eutectic calcium concentration in water must be reached. Now, if you take the minimum value for carbon dioxide partial pressure and a rather low distribution coefficient (0.01 ), regelation ice would have a minimum calcium content of 13 [.Leq I-I. In fact, it has 6.4 [.Leq 1-1 (mean value ) , which is smaller by a factor of two.
